growth rate of microorganisms on 2,4-D and related compounds in free cell systems, methods for increasing biomass concentrations for effective biodegradation need to be developed. The immobilization of cells is one such method which has additional advantages besides increasing biomass concentrations. Anselmo et al. (1) and Zache and Rehm (9) reported increased phenol degradation by immobilized cells over free cells.
In the present study immobilized cells of Pseudomonas spp. were used for degradation of 2,4-D in different types of bioreactors.
The bacterium Pseudomonas putida P1 used in the study was isolated from soil and subsequently identified by various morphological and biochemical tests. Cells of P. putida P, grown in synthetic medium (4) supplemented with 500 mg/l of 2,4-D and 100 mg/l glucose were harvested and collected into a paste for immobilization. One gram wet weight of cells was mixed in 50 ml of 4% cold solution of sodium alginate. The alginate-cell mixture was extruded through an injection needle dropwise into cold 0.2 M CaC12. Each drop hardened into a bead containing entrapped cells. The beads were hardened further by stirring in 0.2 M CaC12 for 30 min and then collected by filtration. The beads were stored at 4°C in a mineral solution medium (7) containing 2,4-D (500mg/l). Degradation of 2,4-D was studied in a batch reactor and column reactor using sodium alginate-cell beads. Batch reactors were prepared by taking 100 ml of mineral salt solution medium in 250 ml Erlenmeyer flasks. The medium was supplemented with 500 mg/l and 1,000 mg/l of 2,4-D before inoculating with beads. Reactors were aerated on a rotary shaker at 30°C for 120 h. For comparison, free cells of P. putida P1 were also used in this study.
A glass column (30 X 4 cm) packed with 2,000 alginate beads connected to a reservoir of mineral solution medium containing 2,4-D was used as a packed bed column for studying 2,4-D degradation. The operating temperature and pH were maintained at 30±2°C and 7.0, respectively. Equilibration of entrapped cells with 2,4-D was allowed for 30 min. The column reactor was run for 6 h as a batch reactor and 1.0 ml samples were removed every hour. Samples removed periodically were spun and their supernatants were used for estimating residual amounts of 2,4-D by a colorimetric method (5). The viable cell count (1 X 108 CFUs/bead) in beads was estimated by dissolving each bead in 10 ml of 1 M potassium phosphate solution followed by serial dilution and plating on nutrient agar plates.
In a batch reactor containing 200 beads, complete degradation of 500 mg/1 of 2,4-D was observed at 120 h of incubation (Fig. 1 ). An increase in concentration of 2,4-D to 1,000 mg// resulted in 60% degradation of 2,4-D under the same set of conditions. Comparison of the rate of 2,4-D degradation (, tg of 2,4-D degraded per •, uninoculated reactor; 0, inoculated reactor. bead per hour) in the two cases showed an increase in values from 2.08 to 2.50 even when the 2,4-D concentration was doubled. On the other hand, when 2,4-D degradation in a packed bed column was studied for 6 h of incubation in mineral solution medium containing 500 mg// of 2,4-D, results showed a rapid rate of degradation and in 6 h of incubation a loss of 430 mg// of 2,4-D was observed from the 500 mg// initial concentration (Fig. 2) . When the concentration of 2,4-D was raised to 1,000 mg/l, a higher rate of degradation was observed as only 230 mg/l. 2,4-D was detected at the end of 6 h of incubation. Such rapid degradation of toxic amounts of phenol and p-cresol has also been reported elsewhere (6, 9) . In comparison, free cells of P. putida Pl degraded 42% of 2,4-D (initial concentration 500 mg/l) in 120 h of incubation in synthetic medium (4). Results presented in Fig. 3 show a linear loss of 2,4-D for first 72 h, with a subsequent decrease in rate of degradation. This was due to the fact that maximum growth was reached between 48 and 72 h of incubation but declined on further incubation. Zache and Rehm (9) also reported 1.0 gel more phenol degradation with immobilized cells as compared to free cells. The reason for this appears to be protection of cells in immobilized form (3) . This study reveals efficient degradation of 2,4-D by immobilized cells as compared to free cells. Thus there is potential for the development of microbial technology for treatment for toxic effluents.
